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Classroom Goals aligned with Next Generation
Science standards
MS-ESS3-3.
Apply scientiﬁc principles to design a method for monitoring and minimizing a
human impact on the environment.*
Science and Engineering Practices
Analyzing and Interpreting Data

Constructing Explanations and Designing Solutions
Engaging in Argument from Evidence
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Classroom Goals aligned with the Science Georgia
Standards of Excellence (GSE)
S6E6: Obtain, evaluate, and communicate information about the uses and
conservation of various natural resources and how they impact the Earth.
a. Ask questions to determine the diﬀerences between renewable/sustainable
energy resources (examples: hydro, solar, wind, geothermal, tidal, biomass)
and nonrenewable energy resources (examples: nuclear: uranium, fossil fuels:
oil, coal, and natural gas), and how they are used in our everyday lives.
S6E4. Obtain, evaluate, and communicate information about how the sun, land, and
water aﬀect climate and weather.
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Classroom Goals aligned with the Mathematics
Georgia Standards of Excellence (GSE)
MGSE7.EE.1 Apply properties of operations as strategies to add, subtract, factor, and
expand linear expressions with rational coeﬃcients.
MGSE7.EE.2 Understand that rewriting an expression in diﬀerent forms in a problem
context can clarify the problem and how the quantities in it are related.
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Introduction
What is wind energy?
Why is wind energy important?
How do we harness wind energy?
What variables aﬀect the collection of wind energy?
How do we convert wind energy into useable electrical
energy?
● How can engineering principles be used to improve our
capability to harness wind energy?
●
●
●
●
●
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Why Wind Energy?
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How do we harness wind energy?
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What variables aﬀect the collection of
wind energy?

Wind Speed
Blade Design

Pitch and Yaw
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How do we convert wind energy into
electrical energy?

Source: CleanTechnica

How can engineering principles be
used to improve our capability to
harness wind energy?

How can engineering principles be used to
improve our capability to harness wind
energy?

Velocity Stream of air as it passes through
turbine

Velocity of blade at impact at diﬀerent points of
blade

Classroom Objectives
● To understand basic fundamentals of harnessing wind
energy.
● To understand the basic principles behind wind turbine
blade design.
● To design and build the most eﬃcient wind turbine.
● To utilize basic engineering principals to improve wind
turbine design.
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Experimental Setup

Figure 1 Pitch of 10°

Figure 2 Pitch of 30°

Figure 3 Pitch of 60°
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Experimental Setup

Figure 4 Adjusting pitch

Figure 5 Pointed blades

Figure 6 Collecting data with Logger
Pro
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Materials
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Source: vernier

Data Collected
graphs created with Logger Pro

Data Collected
Using Logger Pro 3

● Raw Data imported directly from Logger Pro 3
● Round Blade 19in DataTable
● Blade Design Comparisons

Data Collected
Pointed Blade

Squared Blade
Avg Power
(mW)

Total Energy
(J)

Rounded Blade

Pitch Angle
(deg)

Avg Power
(mW)

Total Energy
(J)

Avg Power
(mW)

Total Energy
(J)

10

72.03

149.59

51.87

81.98

74.93

166.25

30

36.59

41.16

49.14

73.72

37.42

41.39

60

16.53

8.49

14.01

5.87

11.76

4.13
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Results
Blue Line -- Pointed Blade
Red Line -- Squared Blade
Orange Line -- Rounded Blade
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Results
Blue Line -- Pointed Blade
Red Line -- Squared Blade
Orange Line -- Rounded Blade
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Conclusion on Experiment
● The squared tip blade had a less signiﬁcant
drop in power
● With a 10° pitch, the squared tip blade had a
lower power output
● Across the three types of blades, pitch had
a more signiﬁcant aﬀect on power output
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Title of Unit
Curriculum Area
Developed By

Human Impact and Sustainable Energy
Earth Science and Mathematics
Bob Deckard and Jaimee Howard

Grade Level
Time Frame

6
3 weeks

Identify Desired Results (Stage 1)
Goals (Science Georgia Standards of Excellance)
S6E6: Obtain, evaluate, and communicate information about the uses and conservation of various natural resources and how they impact the Earth.
a.
Ask questions to determine the differences between renewable/sustainable energy resources (examples: hydro, solar, wind, geothermal, tidal,
biomass) and nonrenewable energy resources (examples: nuclear: uranium, fossil fuels: oil, coal, and natural gas), and how they are used in our
everyday lives.
b.
Design and evaluate solutions for sustaining the quality and supply of natural resources such as water, soil, and air.
c.
Construct an argument evaluating contributions to the rise in global temperatures over the past century.
(Clarification statement: Tables, graphs, and maps of global and regional temperatures, and atmospheric levels of greenhouse gases such as carbon
dioxide and methane, should be used as sources of evidence.)

Goals (Mathematics Georgia Standards of Excellence)
MGSE7.EE.4 Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and inequalities to solve problems by
reasoning about the quantities.
MGSE7.EE.4c Solve real-world and mathematical problems by writing and solving equations of the form x+p = q and px = q in which p and q are rational numbers.
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Understandings

Essential Questions

Students will understand that…
Alternative energy sources can address growing energy needs.

Questions that provoke, address conceptual foundation
What alternative energy sources can be utilized to meet the growing energy
needs of our population?

Engineering principles can determine appropriate designs for energy collection.
Pitch angle and blade design impacts the power output and energy production of
horizontal axis wind turbines.

How can design changes affect the effectiveness or efficiency of energy collection
devices?
Why does the shape and angle of a wind turbine blade effect the power output
and energy production of a wind turbine?

Knowledge

Skills

Students will know…

Students will be able to…

1.
2.
3.
4.

how energy can be harnessed in sustainable ways.
the different types of sustainable energy collection devices.
the processes that are used in experimental design.
the testing procedures in experimental design.

1.
2.
3.
4.

design a testing apparatus (wind tunnel) that will be used to collect data.
collaborate within a group to design and test different shapes of wind
turbine blades.
collect data using a computer that is connected to a motor that is
powered by the wind turbine.
compile and analyze data to determine most efficient blade design.
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Performance Task

Assessment Evidence (Stage 2)
Other Evidence (quizzes, tests, observations…..)
1.

Students will work in teams to design wind turbine blade setups that will be used
to compete against other teams. The winners will be determined by the amount of
energy(J) that is produced and the average power(mW) output.

2.
3.

An explore activity will be given at the beginning of the unit allowing the
students to use the internet to research advances in sustainable energy
collection.
The students will be using their interactive notebooks to document their
design process (lab notes, sketches, tables and graphs).
A unit test will be given covering the entire energy unit.

STEM Criteria
Science

Technology

Sustainable energy concepts, experimentation,

Power and energy measurement using the Log Pro data collection software. Wind
turbine model, wind generating device, spreadsheet to compile and analyze data.

Engineering

Mathematics

design of wind tunnel and wind turbine blades. Testing blade design,
collaboration of redesign.

comparing data of energy produced and average power output. Utilizing the
Power formula to generate theoretical results to compare with experimental
results.

Learning Plan (Stage 3)
Project Based

Encompassing project will be worked on daily throughout unit. The students will be given an objective for the lab and some instructions on what will
be expected. They will be developing a wind tunnel design and blade designs that will be tested in the wind tunnel.

Problem Based The students will determine the most efficient blade design and pitch angle to collect energy from wind.
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Daily Lesson Plan
Detailed Lesson Plan: This plan is designed to layout the laboratory portion of this unit. Our
laboratory portion will focus on harnessing wind power using a horizontal axis wind turbine.
We will dedicate 30 minutes each class period for ﬁve days during the second week of this
unit. The harnessing of wind power will be discussed during the ﬁrst week, along with other
forms of sustainable energy.
Monday - Students will discuss and design blade shapes in groups of three.
Tuesday - Students will modify blade design after listening to other groups.
Wednesday - Initial testing of blades using class wind tunnel and class test kit (no data
will be collected at this time)
Thursday - Data collection
Friday - Improvement Modiﬁcations and new test
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Conclusion on Educational
Outcomes
●
●
●
●

Replicating in a math and science classroom
Aﬀordable ideas
Engineering design
Understanding of proportional relationships in real world
problems
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Dissemination
● Integrated into science and math classroom
● Professional Learning Communities
● Interdisciplinary STEM Teaching & Learning Conference
○ March 23-24, 2018 in Savannah, Georgia
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